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UNIFORM FREE FLIGHT.
SUMMARY.

This work was undertaken by the National Advisory Committee for Aeronautics-at the
request of the Bureau of Construction and Repair of the United States Navy in order to determine
as completely as possible the distribution of pressure over the horizontal tail surfaces of an
airplane, and to analyze the relation of this pressure to. the structural loads and the longitudinal
stability. The investigation is divided into three parts, of which this is the first. This part is
for the purpose of determining the pressure distribution over two horizontal tail surfaces in
uniform free flight; the second part to conduct tests of similar tail planes in the wind tunnel;
and the third part to determine the pressure distribution on the horizontal tail surfaces during
accelerated flight on the full-sized airplane.

The general method used in this part of the investigation consists in determining the
separate pressures at & large number of points on the fail surfaces of a JN4H airplane, by con-
necting small holes, opening on the tail surface, to the tubes of a multiple liquid manometer,
which simultaneously measures the total number of pressures on one-half of the tail surface.
The pressures are recorded by photographing the multiple manometer with en automatic
camera which takes an exposure at each condition of air and engine speeds.

These tests in uniform free flight gave the following resulfs:

1 Under no condition did the average tail load exceed 2.3 pounds per square foot.
. The highest local load on the tail of the JN4H was 11 pounds per square foot.
. The highest local load on the special tail was 25 pounds per square foot.
The torque exerted by the tail about the X-axis ranged from +1,200 inch-pounds
(in the direction of the propeller rotation) to — 1,600 inch~pounds.
5. The sealing of the crack between the elevator and ta.ll plane has no appreciable effect
on the distribution of pressure.
6. The inversion of the standard tail plane (fat surface up) gives a more uniform
distribution of pressure as well as improving the stability.
7. The airplane was very stable with the special tail of high aspect ra.tlo even with a
: center of gravity coefficient of 0.37.
8. The center of pressure travel on the wings, as determined by the integrated tail load,
is farther forward than on the corresponding model.
INTRODUCTION.
PREVIOUS WORE.

There has been comparatively little previous work done on the pressure disfribution on
the horizontal tail surfaces, either in free flight or on models. Perhaps the most notable work
is that done by the British on the tail plane of a DH4, but unfortunately the pilot and observer
were killed before the work was moré than hsalf completed, so that only the left half of the tail
plane was explored. Some work has also been done by the Germans on this subject, but they
have limited themselves to a few points, so that their results are not at all complete.

SCOPE OF PRESENT INVESTIGATION.

This part of the investigation includes the complete study of the pressure distribution
over two horizontal tail surfaces, one a standard JN4H tail plane, and the other of special

construction, which was thicker and with a plan form of higher aspect ratio. The pressures
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were recorded at flight speeds of 45 miles per hour to 100 miles per hour, and at engine speeds
of 600, 900, 1,200, and 1,400 revolutions per minute, in order to get all of the conditions that
would occur.in flight. At the same time various modifications were made in the airplane,
such as moving the position of the center of gravity horizontally, and varying the tail plane
in angle, section, and plan form. The number of holes on the tail were so numerous (over 200)
that the total pressure on the tail under any conditions could be obtained very accurately by .
integration of the pressure distribution curve. The results are plotted in a large variety of ways

in order to bring out as clearly as possible the exact distribution of pressure.
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APPARATUS AND METHODS.
TAIL SURFACES.

The location of the holes in the standard JN tail surface is shown in figure 1 and it is
clearly seen that the holes are spaced closely enough to give a very accurate representation
of the actual pressure distribution. As this tail was a standard one, it was unfortunately
impossible to place the holes in regular rows along the span, necessitating a considerable
amount of extra coinputation. In another test it would be considered advisable to rebuild
the ribs, if necessary, in order to obtain an even spacing. The total number of holes on the
right-hand side of the.tail of both upper and lower surface were connected to the multiple

- manometer so that simultaneous readings were taken on all of these holes. As soon as the
tests were completed on the right-hand half of the tail plane the tubes were removed and
placed in the left-hand half and the tests were repeated. Figure 2 shows the layout of the special
tail plane which was constructed at the Naval Aircraft Factory. Pressure tubes were attached
to both right and left sides of this tail plane, but only one side could be connected to the
manometer at a time, as with the other tail. As this tail plane with its tubes was 50 pounds
heavier than the standard tail surface, it was necessary to place a considerable amount of lead
in the nose of the airplane in order that it might balance in flight, and although it was designed
with sufficient strength without externsal bracing, the usual teil struts and wires were atiached
as an extra precautlon :

In figure 3 is shown the method of connecbmg the rubber tubes to the pressure holes A
thin brass strip was run along the cap of each rib and the pressure tubes were soldered into this
strip of brass; after running through the cap strip of the rib they were connected onto the
corresponding rubber tubes. The tubes running to the elevator were carried through rein-
forced holes at the hinge spars and run through the tail plane to the fuselage with those which
were connected to the holes in the tail plane, as clearly shown in figure 4. After the tubes were
placed, the tail was covered, cara being taken to see that none of the tubes were kinked or
that none of them were pierced by the needle when sewing on the fabric. After the fabric had
been doped and varnished, the cloth was carefully cut through above each pressure hole so
that a clean sharp edge resulted. The tail plane was then placed on the airplane and the tubes
run through the fuselage to the manometer as shown in figure 5, great care being taken that
none of them was restricted in any way.
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MANOMETER.

The multiple manometer, as shown in figure 6, consists essentially of two end reservoirs
connected by a central brass tube out of which rise 112 one-eighth-inch glass tubes, each of
their upper ends being connected to a hole in the tail plane. The top of the reservoir and the two
end glass tubes are all connected to a static head on the wing strut as shown in figure 7, as it
was found that the static pressure in the cockpit was quite different from the true static pres-
sure of the air. In order to make the instrument as compact as possible the glass tubes were
cemented into the reservoir at the lower end with plaster of Paris and beeswax. It was found
impossible to prevent a slight leakage, but this was so small that it did not cause great mcon-
venience in the work, and this leakage could evidently be stopped by using some alcohol-proof
cement. It was unfortunately impossible to obtain small, thin-walled glass tubing of enough
uniformity of bore to avoid the necessity of making capillary corrections, and as these correc-
tions entail a considerable amount of labor in the computation, every effort should be made
to obtain tubes of uniform bore for use in future instruments of this type.

The manometer was mounted in a wooden case for protection and a piece of opal glass was
placed immediately behind the tubes in order to give an evenly illuminated background against
which to photograph. The top of each glass tube was connected by & short rubber tube to a
brass connection plate on the top of the wooden case so that all subsequent connections could be
made without danger of breaking the glass tubes. The wooden case was mounted in the air-
plane on the seat rails and pieces of sponge rubber were placed beneath the instrument in order
to prevent excessive vibrations from reaching the instrument; however, the mounting was
rigid enough so that only very slight relative motions would be allowed It was found that a
fair llumination could be obtained through the fabric of the fuselage, which gave a very even
and subdued light, but in future tests it would be advisable to puf translucent celluloid win-

dows in the sides of the fuselage. A photograph of the installation of the gauge was taken

(fig. 8) by cutting away a portion of the fabric of the fuselage.
' CAMERA.

In order to obtain a reading at all pressures simultaneously the multiple manometer was
photographed by an automatic camera installed on the seat rail in the fuselage just aft of the
pilot’s seat. As the space was very restricted it was necessary to use a wide-angle lens, but es
this lens was of a high quality the distortion was quite negligible. The camera is shown in ﬁgure
9, and consists of a light-tight box containing two large diameter film rolls so that the movement
of the film would not appreciably change the diameter of the spools and so change the spacing
of the pictures. The spool initially containing the film has attached to it a friction brake, so
that at all times the film is kept tight; the other spool contains g large diameter windlass around
which is initially wound a cord which runs through pulleys to a smaller windlass at the pilot’s
seat, one turn of which will move the film along sufficiently for one exposure. In the same way
the shutter is connected by wires to a trigger located conveniently for the pilot, so that by =
single operation of the trigger the shutter will automatically give a one-second exposure and
set itself for the next. A 10-foot length of 3-inch panoramic film was used, and this was suffi-
cient for taking the 22 exposures which completed one run. The mou.ntmg of this camera is
shown in figure 10.

An exposure of one second was teken in order to give an average reading of each pressure
to eliminate the effect of the small oscillations; however, observations and the extreme sharpness
of the photographs indicate that the height of the liquid in each tube was very nearly canstant.
Every tenth tube was painted with a black spot in order to facilitate the measuring of the tubes,
and a scale was placed at the center of the gauge in order that the true magnification could be
measured when the flm was placed in the projection lantern. A section of one of the records is
shown in figure 11. It was found necessary in order to secure satisfactory pictures to color the
alcohol red and there was some difficulty in finding a coloring matter which would not be oxi-
dized by the denatured alcohol which was used, but finally an analine dye was found which
would satisfactorily retain its color.
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PILOT'S PROCEDURE.

All of theruns were made at an altitude corresponding to a density of 0.9 in the following
manner: At the start of each flight the sltimeter zero was set by the reading of a mercurial
barometer so that the desired density would come at a réading of just 3,000 feet. Before each
exposure the sirplane was climbed considerably above the given height and the exposure was
made as the airplane reached the 3,000-foot level, having previously attained a steady condition
of flight. In the computations this factor 0.9 does not enter in, as the air speed was not cor-
rected for density, for the same density effect will obviously apply to the air-speed reading as to
the surface pressures. There is one exception, however—the effect of the slip stream—which
will be & function of the density, and 1t was for this reason that all the tests were made at a con-

stant densmy
METHODS OF READING FILMS AND COMPUTATIONS.

As it was very tiring to read the height of the menisci from the photographic record with a
magnifying glass, it was thought best to place the negatives in a projection lantern and throw the
image onto a screen at a certain definite megnification. In this way the height of the liquid
could be measured with a large scale very quickly and conveniently, using as zero & line scratched
across the film between the menisci of the two static tubes. It was also necessary to determine
the capillary correction in the same menner, and these corrections were in every case subtracted ’
from the readings. The head of alcohol thus determined was then corrected by multiplying it
by factors for the densu;y of the alcohol and the mclmatmn of the tubes due to the longitudinal
position of the airplane in .flight.
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The longitudinal angle of the airplane was determined for each flight speed with a liquid
inclinometer, and the results are shown in figure 12. It will be noticed that the angle is only
19°in a 100-mile-an-hour dive, and this would ordinarily be called a steep dive, for the angle
is always overestimated in such conditions. The head of alcohol as read was then multiplied
by the cosine of the angle of inclination of the tubes from the vertical.

METHODS OF PLOTTING AND INTEGRATION.

The values in true head of water were then plotted along each row of holes in the direction
of the air flow, the upper and lower surface using the same base line, so that the planimetered
area between them represents the total pressure along that section. A few of these curves are
shown in figures 36 to 79. Because of the irregularity of the holes oceasioned by structural
considerations, it was necessary to cross fair these preliminary curves, thus obtaining pressure
sections at right angles to the air flow. These curves are shown in figures 80 to 122, and give
the sum of the air forces on upper and lower surfaces. These curves are sections of a solid
representing the total load on the tail, and are revolved about their respective base lines into
the plane of the tail, so that in the figures an area on the forward (leading edge) side of the base
line will represent an upward or positive load. The area under each of these curves was found
by planimetering, and by using the values thus obtained as ordinates for a curve drawn parallel
with the air flow; the total pressure on the tail is represented by the area under this second
curve. The point of action of this pressure was found in each cese by integrating this area
about the hinge with & mechanical integrator. These curves are shown in figures 123 to 242.

In each figure two vectors are shown, one, marked T, representing the center of pressure of
the complete tail surface, and the other, marked K, representing the center of pressure on the
elevator alone. Ineach case the vectors are shown to scale (in position, but not in magnitude},
except where they are off of the paper, but the distance of the vector from the hinge is given
each time in inches. In the curves representing the total pressure parallel to the leading edge
the same system of vectors is used, except that they represent in all cases the force on the com-
plete half of the tail; and the moment of that half about the center line is given in addition to

. the distance from the center line. The force on the elevator control was found by taking the
moment of the pressure on the elevator about the hinge, but as the results were not as reliable
nor as easy to obtain es direct force measurements on the stick, no results of this character are
plotted in this report.

There is another method of easily obtaining the total load, or the moment about any axis of an
irregular pressure surface, which may be termed the plastic method. Let ussuppose that a scale

- model is made of the tail with adjustable pins at the points at which the pressure readings were
taken. If each pin is then set at such & height as will correspond to the pressure at that point,

FiG. 13.—Model of pressure sarface—Case I—500 r. p. m.; 100 m. p. h. - i

The light-colored material represents down pressure and the dark Fra. I-L—Modelotpressumsurncﬁ—CaseVI—eoo:pm. 100 m. p.h.
material ap pressure. The reg[on of down load Is evident at the This shows the very large down load at theleadlngedgeandtha
leading edge. sharp peaks of up load at the hinge.
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a skeleton of the desired surface will be obtained. By filling the space between the pins with
a plastic material—clay or plasticene—and fairing in the surface, which it is very easy to do
with g little practice, a solid is obtained which represents the actual load on the given surface.

The total load or its moment may be easily found from this model solid simply by weighing
it, or by balancing it about any desired axis, provided the density of the plastic material is
known It is evident that this method is applicable to an irregular spacing of points where a
sectional method would be impossible or at least very laborious, and even with evenly spaced
holes it is very much quicker than a two-dimensioned method. The plastic method was used
in this investigation for only a few cases because of the necessity of obtaining the sectional
curves for two-dimensioned reproduction. (See figs: 13 and 14.)

PRECISION OF THE RESULTS.
ERRORS IN READING FILM AND COMPUTATION.

It is possible in nearly all cases to measure the actual head of alcohol from the enlarged
negative within the limits of plus or minus 0.003 of an inch. As all the calculations were carried
out to the nearest 0.001 of an inch, the computed heed should be correct in every caso to at Ieast
0.005 of an inch. The areas under the curves were planimetered several times in order to get
a correct reading, so that all the area can be considered correct within plus or minus 0.01 of a
square inch. An error somewhat larger than this is introduced, however, because of the incor-
rect representation of the curve between the given points, and this is especially true at the end
of the tail plane where the pressure gradient is very steep. As 1squareinch under the final curve
is equal to approximately 10 pounds, the total load on the tail will be given to within plus or
minus 0.1 pound if the curves are assumed to be correct. The difficulty in drawing a true pressuro
curve through the given points will, however, considerably increase this error, so that the total
load on the tail can not be assumed to be correct to better than one-half of a2 pound from these

causes of error.
ERRORS IN FLIGHT.

The errors due to computation and reading are, however. small compared with the errors
- inherent in all full-flight work; that is, errors arising from irregular atmospheric conditions.
For example, if the airplane happens to strike a bump in the air at the time that the exposure
is taken, it may considerably alter the value of the pressure obtained, especially those pressures
on the movable portion of the tail plane. For this reason the first runs were repeated in order
to check the results, and it was found in most cases that the check run agreed very closely with
the original run. The subsequent work was very complete and there was ample chance for
checking; as so little change was made in the flight conditions from one run to another, it was
not thought necessary to make check runs in every case. The excellent agreement that can
be observed between the pressure curves taken under nearly identical conditions leads one
to have confidence in the results, as any part that is appreclably in error wﬂl be at once shown
up by its lack of resemblance to a similar curve.

It will be noted that the points calculated from the total load on the tuil in order to obtain
the pitching moment due to the wings and body do not lie smoothly on their representative
curves and in comparison with wind tunnel results, for instance, they would look rather unsatis-
factory; but it should be remembered that all results obtained in full flight are inherently
irregular, due to conditions of the atmosphere which can not be overcome, and it is only possible
by taking large numbers of readings and averaging them to get a satisfactory mean value.
The moment curves check well with one another and the close agreement between the center
of pressure travel curves for the different combinations used, sl give a good indication of the
accuracy of the results. For determining pitching moments, however, the pressure distribu-
tion method is not as accurate-as the method used by the British where the fuselage was jointed.!
As all of the readings and the computations have been carefully checked at every step by this
method, it ig felt that on the whole the results are presented as closely as 1b is possible to do so.

1 British Advisory Comunittee, R. & M. No. 400. ‘“The Full Scale Determination of the Pitching Moments of a Biplane.”
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SCOPE OF TESTS.

In order to represent as fully as possible all of the conditions that occur in flight on tail
planes the following variations in the airplaine were made. It should be noted that in this
report the center of gravity coefficient is the distance of the center of gravity from the nose of
the mean chord in fractions of the chord. The mean chord is taken at distances from the
upper and lower wi.ngs which is inversely proportional to their areas; that is, 60 per cent of the
gap above the lower wing.

Case I.—On this run the airplane had a standard rigging of 174 inches of stagger and Y
center of gravity coefficient of 0.381. This position of the center of gravity is about the standard
position for an airplane of this type, and in order to compensate for the lack of a passenger
in the rear seat a sand bag was tied to the floor boards in the rear cockpit.

Case II—In this run the conditions were the same as before except that the sand bag
was removed from the rear cockpit and some lead was placed in the nose of the airplane just
aft of the radiator. This gave a center of gravity coefficient of 0.826.

Case ITI.—With the same position of the center of gravity as in the previous case the tail
plane was given a negative angle of 14°; that is, the flat lower surface, which in the previous
run was parallel to the longerons was reised at the rear end in order to give this surface a slope
of 14°,

Case I7.—In this run the conditions of the airplane were exactly the same as in the pre-
vious run; the only change being the sealing of the crack between the elevator and the tail
plane with flat sheets of celluloid, which we screwed to the tail plane and were sllowed to
rest by their own weight on the movable portion of the tail surface, smoothly covering up the
intervening crack.

Case V.-—In this run the stagger of the airplane was reduced to S} mch&, the teil plane

was inverted so that the flat surface was uppermost and parallel to the longerons, also enough
lead was placed in the nose of the airplane to give & center of gravity coefficient of 0.244.

Case VI—In this run the stagger was again 8% inches, and the center of gravity coefficient,
due to the heavy tail, was 0.370. The tail surface was a special one of thick section and lugh
aspect ratio (fig.-2), with its chord parallel to the longerons.

In none of these cases was the airplane very badly out of balance and at all times it could
be flown with a fair degree of ease. In the fifth case, however, it was a little difficult to get
the tail down in making a landing. It was noticed when flying the airplane with the special
tail plane that the longitudinal stability was greatly improved and the airplane flew hands off
with both open and closed throttle. This is quite remarkable in view of the rearward position
of the center of gravity, and & more complete study will be made in a subsequent report.

RANGE OF AIR AND ENGINE SPEEDS.

For the first five cases the following 22 combinations of air and engine speeds were used
each time:

. _
Revolutions per minnte.
600 M0 1,200 l 1,400
t
Afrspeed........ J 45 45 45 45
50 % ' & 50
&0 6 ; 60 60
70 70 70 70
80 80 80 80
[ |
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In Case VI only the following combinations were used, as it was thought that, taken with
the preceding data, the information obtained would be suﬂiclent.

Hévolutions
i o mlnute.per I

6. | 1,400

- gEase; i
CEEEE

GENERAL DISCUSSION OF RESULTS.

The discussion will be mainly confined to the consideration of the actual pressures and to
their relation to the structure. Further on the change in load with flight conditions will be
analyzed more carefully in respect to airplane stresses and stability. The subject embraced
by the report is so wide that it is difficult to keep in mind all of the data at one time, and only
by constant reference to the curves can a comprehensive view be obtained.

THE PRESSURE DISTRIBUTION WITH A STANDARD RIGGING OF THE AIRPLANE.

For this run the preliminary curves under all conditions are given in figures 36 to 79. These
are given in order to show the pressure distribution as separated on the upper and lower sur-
faces. A suction is plotted downward and & pressure upward, the upper surface and the lower
surface using the same base line. The greatest suction occurs on the lower surface of the tail
plane very close to the leading edge. The suction is also large at the very tips of the tail plane,
this being due to the raked tip acting in the same manner as a leading edge. There is also a
tendency at high speed to have a large suction on the upper side of the elevator, especially
near the outer part of the span. At no point, however, on the tail plane did the suction reach
a value higher than 14 inches of water, and as this suction is comparatively very small there
should be no fear of stripping the fabric on a well-constructed job.

It will be noticed that the pressure curve on the elevator has a rather definite wave form
with a period of about 12 inches. The reason for this is probably that the discontinuity due
to the joint between the elevator and the tail plane gives rise to a stationary wave which con-
tinues along the surface of the elevator. It will be noticed later that when the crack is sealed
up these waves are much reduced, but they are even then in evidence. The discontinuity of
pressure at the hinge of the tail plane is in no case very large; in fact, it is much smaller than the
results from the model test would indicate. The line of zero pressure used as a base line ina
good many cases lies above the pressures on both the upper and lower surfaces, showing that
the static pressure in the slip stream is below that of the true static; but this would not, of
course, affect the load on the surface which is independent of the base line. It was also noticed
that the pressure in the cockpit was from an eighth to a quarter of an inch below the true static.

In order to give a better visualization of the pressures over the surface the total pressure
has been plotted in figures 80 to 101 in order to show this more clearly. It is evident that the
greatest load occurs on the leading edge of the right-hand side of the tail plane under practically
all flight conditions. These curves show very strikingly how great a difference there is between
the pressure distribution on the right and left side of the tail plane, so that a pressure distribu-~
tion comprising only one-half of the tail would be of very little value in determining the total
tail load. Some of this difference is undoubtedly due to the fact that the rudder and fins are
not symmetrical in flight, but the greater part is due to the fact that the angle of incidence and
velocity over the two halves of the tail plane are different, due to the rotation of the slip stream.
It should also be noticed that a very large torsional load could be put on the fuselage by not
rigging the elevators at the same angle of incidence; that is, if one elevator is several degrees
higher than the other it will greatly change the pressure distribution on the tail plane, so that
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great care should be taken when rigging an airplane to ascertain that the elevators are properly
lined up.

In figures 123 to 144 the curves shown represent the total pressure on the tail plane plotted
on a section taken parallel to the plane of symmetry of the airplane. These curves are shown,
one for the load on the right-hand half of the tail plane, and one for the load on the left-hand
half of the tail plane, and the third serves to represent the total load. The most important
features shown by these curves are the considerable difference between the rigkt and left half
of the tail plane and the large suction at the leadmg edge of the tail plane.

In figures 243 to 264 are shown curves giving the tofal pressure on the tail plane on a
section at right angles to the X-axis of the sairplane. These curves show that the pressure is
greatest at the tips of the tail plane and elevators. By plotting the moment of the area of this
curve about its line of symmetry it is possible to compute the torque of the tail plane about the
X-axis of the airplane, which will be discussed more in detail in a later portion of the report.

An attempt hasbeen made in figure 13 to give a more realistic picture of the distribution of
pressure than is conveyed by a set of curves. It is not possible to satisfactorily represent a
three-dimensioned figure in two dlmensmns, but it is hoped that the photographs of these
models will aid the reader in grasping the general trend of the tail pressures. The white surface
is a plane lying in the tail surface and consequently representing zero pressure. A light-colored
plastic material is used for negative pressures (down loads) and a dark material for the positive
pressures, and the lighti.ng is such as to show thie relief to the best advantage.

It can be stated in general that with the airplane rigged as described above that under no
condition in uniform flight are the loads set up by the pressure on the tail plane at all large,
the load per square foot on the tail plane seldom exceeding one-half pound per square foot and
the maximum reached amounted to only 134 pounds per square foot. This load 1s quite insig-

nificant and amounts to little more than the weight of the tail itself, so that it may be con-~ -
cluded in steady flight that the stresses in, or due to, the tail plane may be considered of quite

negligible value. The torque on the fuselage due to the tail plane is, however, considerebly
larger than has been realized before.

THE EFFECT OF CHANGING THE POSITION OF THE CENTER OF GRAVITY.

In Run IT the center of gravity was moved forward and the resulting pressure dlstnbutlon
on the tail plane was found to be similar to those of Case I. The preliminary curves were
omitted, as it was thought that they would be of little interest, for they showed no great difference
from the curves obtained in the first case. As was expected, moving the center of gravity
-forward produces a greater negative load on the tail plane. Xxamination of the curves, however,
shows that there is practically no difference in the distribution of the pressure contained in the
two cases. A discussion of variation in total load on the tail plane, due to the change in air
speed and revolutions per minute of the engine, will be discussed later in relation to their effect
on the stability of the airplane; but in general it may be stated that the distribution of pressure
on the tail is not appreciably affected by any change of center of gravity position.

EFFECT OF CHANGING THE STABILIZER ANGLE.

., Case I1I is & duplicate of Case II, except that the position of the tail plane has been moved
to 114° of negative angle. Contrary to the case of altering the center of gravity position, the
changing of the angle of the tail plane produces a considerable change in the distribution of

pressure. 'This is explained by the fact that the total load on the tail must be the same as’

before, and as the tail plane is at a greater negative angle the load on this part of the tail plane
would be more negative while the corresponding load on the elevator must be more positive,
thus necessitating the lowering of the elevators. These facts are confirmed by the greater force
that must be applied to the stick when the t&il plane is turned to a more negative angle; that is,
the ship feels as if it were more tail heavy with a negative tail-plane setting. This change of
pressure distribution ean be seen more clearly by comparing the curves of total pressure (figs.
145-166) in Case 1T with similar curves occurring for Case IIL (figs. 167-188). The curves in
20167—23——186
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figure 15 show this change in Ioad belween the tail plane and elevators with a change in tail-
plane setting. It is clear from these curves that a negative tail-plane seiling of 134°
with the same center of gravity posmon will shift & load of about 20 pounds from
the tail plane to the elevator, and it is mterestmg to notice that this distance between
the different curves is practically comstant in amount for any condition of flight. The
difference in load, however, between the tail plane and elevator load varies in inverse proportion
to the air speed. It may be concluded that a change in the angle of tail-plane setting makes
a considerable difference in the distribution of pressure over the tail plane and in general a more
negative setting of the tail gives a more negative pressure on the tail plane and a more positive
pressure on the elevator.

EFFECT OF SEALING THE HINGE CRACK BETWEEN THE ELEVATOR AND TAIL PLANE. -

As model tests indicated that there was a considerable amount of leakage of air through
the hinge crack of the tail plane, it was thought that some data of intercst might be obtained
by taking a run with the crack sealed up. This whs accomplished by placing thin sheet celluloid
over the erack on both the upper and
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the pressure distribution on a thin sur-
face of this type does not indicate the drag, so that it may be that sealing the crack will con-
siderably decrease this factor.

THE EFFECT OF INVERTING THE TAIL PLANE.

In this'Tun the tail plane was inverted so that the flat surface was uppermost and parallel
to the longerons. As should be expected, this change makes a marked difference in the distri-
bution of pressure and the effect is clearly seen in the curves of pressure in figures 105 to 112.
The greatest effect on the pressure distribution in this position of the tail plane is the more
even distribution of pressure across the span, especially the elimination of the region of high
suction near the tip of the tail plane. Curves of total pressure (figs. 211-232) show that the
point of maximum suction is moved back from the leading edge a considerable amount and
that the load on the elevator is also moved nearer to the trailing edge. That is, instead of being
a sharp peak of suction immediately above the leading edge, as in Case II with the ordinary
disposition of the tsil plane, in the case where the tail plane isinverted this pressure is distributed
fairly evenly over the whole tail plane, reaching its maximum about n third of the distance from
the leading edge of the tail plane; so that it would seem that from a structural point of view it
would be of great advantage to use this form of tail plane, as it would distribute the load in a
more satisfactory manner. As will be shown later, this tail plane also gives a greater degree of
stability, and its use is recommended from all points of view.
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THE PRESSURE DISTRIBUTION OVER THE SPECIAT. TAIL PLANE.

‘The tail plane shown in figure 2 is of 2 more modern design and has a rather thick double-
cambered section and also a considerably higher aspect ratio. The pressure curves which are
given in figures 113 to 122 show that the pressure over the tail plane is greatly altered from

that over the ordinary tail plane. The greatest difference is the very high peeks at the leading

edge and at the elevator hinge, one up and the other down, which reach very great magnitudes
at the higher speeds. This introduces high local loads and a large twisting moment that may
seriously stress the tail structure. The cause of this peculiar distribution of pressure may be
due either to the thick section or the high aspect ratio, but the former is the more probable
cause. A model of this tail at 600 revolutions per minute and 100 miles per hour is shown in
figure 14. This twisting about the Y-axis may be quite serious, and the front spar should be
made very stiff in thick-sectioned tail planes to prevent a deflection of this member. In one
case the moment about the Y-axis was over 600 foot-pounds—an exceedingly large moment,
- and one that might have caused failure in a less strongly constructed tail surface.
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TORSIONAL EFFECT DUE TO THE UNSYMMETRICAL LOADING OF TEBE TAIL PLANE.
DISTRIBUTION OF LOAD ALONG THE SPAN OF THE TAIL SURFACE. ' '

In figures 243 to 264 a few cases have been worked out showing the total pressure on the
tail taken normal to the X-axis of the airplane. These curves, while they show the shape of
the pressure variation quite accurately, should not be taken as ah indication of the exact total
pressure, as it is impossible to fair these curves exactly, due to the irregular position of the
holes; and for this reason they do not check with the more accurate determination obtained
from cross fairing. They do show, however, the concentration of the load on the tip of .the tail
plane and also the unsymmetrical loading due to the rotation of the slip stream.

All of the curves show a double maximum at the tip, the edge of the slip stream causing
the inner one and the raked tips the outer. = Although no torque curves were drawn for Case
VI, it is very evident from an examination of the pressure curves that the torque on this tail is
very small. This can be explained by the fact that the tips of the teil plane are out of the slip
stream, so that there is little inducement for the building up of high pressures at these points.

YARIATION OF TORQUE WITH AIR SPEED.

In figure 16 are shown three curves representing the torque in inch-pounds sbout the
X-axis of the airplane plotted against air speed in miles per hour for several cases, at 1,400
revolutions per minute. All of the curves increase to a positive value of the torque from 45
miles per hour to about 60. From that part on, however, the curves fall off quite rapidly,
especielly in Run V where the curves indicate a considerable negative value. The shape of
these curves is rather peculiar and it would not be expected that a maximum of positive torque
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would be reached &t & speed of 60 miles an hour. An explanation may be obtained perhaps
by studying the velocity diagram obtained by the Royal Aircraft Establishment on & BE2C
airplane of the tractor type.? These results show that the slip-stream is divided by the wings
and body into two separate streams, one with an inclination downward and the other with an
inclination upward, and that these two streaps are in various positions according to the slip
of the propeller. It would be expected that the rotation of the slip stream would be propor-
tional to the slip of the propeller; that is, at low air speeds and high engine speeds that the ro-
tation of the slip stream would be & maximum and at high air speeds and low revolutions per
minute that the slip stream might even rotate in the direction opposite to that of the pro-
peller. Therefore, with a constant engme speed the positive torque on an airplane should be
greatest at the low speeds and should increase proportionally to the air speed. The results
of the British, however, as above referred to, show that the regions of high veloclty do not
oceur at the same place at all flying conditions, but that the high-velocity regions are rotated
with the propeller as the slip increases. This effect may then cause the high-velocity region
of the slip stream on one side to flow either above or below the tail plane in some flying conditions,
so that the torque would be in that case greatly cha.nged as the slip stream on one side would
strike that half of the tail plane and the slip stream on the other side would come above or below

T

METHOD OF D/ST/?/BUTWG LOAD
£ig./8. - N A SAMD TEST,

it, thus making a large difference in the pressures on the two sides of the tail plane. That is,
one-ha.lf of the tail, although it may have the higher angle of attack, due to slip stream rotation,

at the same time it can have the lower load because of the greatly lowered slip-stream velocity

on that side. This is undopbtedly the cause of the large negative torque that occurs on Run
V at high air speeds. ;
. YARIATION OF TORQUE WITH ENGINE SPEED.

In figure 17 are plotted curves showing the variation in tail-plane torques with & change
in engine speed. These curves show, as would be expected, that the torques tuke & more
positive value as the revolutions per minute of the engine is increased. A cause that may change
the pressure distribution on the tail plane somewhat, and one that can not well be climinated,
is the effect of the rudder, as this member must be set over more to the right as the rate of
engine speed is increased, in order to balance the torque of the propeller.

RECOMMENDATIONS FOR SAND LOADING TAIL SURFACES,

It is, of course, impossible to draw a final conclusion on the most logical method of sand
Joading until the work on tail loads in accelerated flight has been completed; however, as the
tail load is usually considered to be of considerable magnitude in a rapid nose dive, the general
characteristics of the regions of highest pressure may be summarized as follows:

e — -~ 2 = - M a

2 The Design of Screw Propellers for Alreraft, H. C. Waits, pp. 18)-182, _' . o o
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(1) The most highly loaded region lies along the leading edge and along the tips of the
tail plane and is of very narrow width, being about one-fifth of the chord of the whole tail
surface, with the exception of Case V—where the fail plane was mverted——m which case the
distribution was over the first three-fifths of the tail surface.

(2) The load on the tail (negative) is proportionel to the position of the center of graviiy;
that is, the further forward the center of gravity the greater is the load on the tail.

(3) The distribution of load slong the span of the tail plane shows regions of high pres-
sure at the tips.

(4) In some cases, particularly at high engine speeds, there may be a large up pressure
on one half of the tail plane and & large down pressure on the other half.

(5) The down load on the elevator is in all cases very small and at times the up load may
be considerable, but the latter is balanced by the static weight of the elevator and so is rela-
tively unimportant.

It should be noticed that the preceding conclusions are based only on uniform flight, with
speeds up to 100 miles per hour, and the djstribution, especially the down load on the elevator,
may be con51derab1y altered when this member is moved to a large angle with the tail plane,
as would occur in accelerated flight. It is probable, however, that the load on the’ tail plane
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will not be much increased in stunting, as the damping effect will somewhat neutralize the load.
The following recommendations for sand loading the tail surface are based on the conslusions
from these tests in uriform flight:

1. A unit loading on the tail surface of 3 pounds per square foot with a center of gravity
position of 0.30 will be sufficient for speeds up to 120 miles per hour. Of course, this unit
loading should be multiplied by the load factor which is used on the remainder of the airplane.

2. The unit tail loading of the airplane should vary with the p051t10n of the ceriter of gravity
and it is recommended that if a center of gravity coefficient of 0.30 is faken as unity, 5 per
cent of the tail load should be subtracted for every per cent that the center of gravity is back

. of this point (the center of gravity coefficient not to exceed 0 40), and 10 per cent should be

added to the tail load for every per cent the center of gramty is forward of this point, per-
centage being taken on the mean wing chord.
3. The load should be distributed on the tafl in & sand test around the leading edge and at
the tips with & width of about one-fifth of the tofal tail surface chord as shown in figure 18.
4. Because of the unsymmetrical loading of the tail surface at times, one side of the tail
surfaces should be loaded at a time; that is, one half should be completely loaded, the load
removed, the second half completely loaded and then both halves loaded together.
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5. In uniform flight the elevator load can be neglected, as the loads are upward and these
are balanced in a large part by the static weight of the elevators. The elevators should have a
separate test in order to withstand a pull on the control stick which will represent the maximum
that it would be possible for the pilot to exert, but this load would occur only when suddenly
pulling up the elevators and would not be present in uniform flight.

LONGITUDINAL STABILITY.

The subject of longitudinal stability in free flight is in a rather confused stafe because of
the complex effects of the slip stream, which are not as yet thoroughly understood. Practically
all of the stability theory is based on coefficients which are determined from model tests made
in the wind tunnel, and up to the present time it has been impossible to reproduce accurately
the slip stream in the wind tunnel; so that the tests made in this way are not in any way com-
parable with conditions in free flight when the engine is running. Only by a study of the forces
on the controls and an exploration of the velocity and angle of the slip stream during various
flight conditions can we come to any conclusions as to the eflects on the longitudinal stability
of various alterations in the airplane. It has been shown that the two causes which have the
greatest effect on the longitudinal stability are the position of the center of gravity and the
. size, form, and position of the tail plane. :
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THE FUNCTION OF THE HORIZONTAL TAJIL SURFACES.

The methods of obtaining longitudinal stability by means of a horizontal tail surface can
be made clear by citing a few simple examples. There is, in figure 19, plotted the center of
pressure travel for a flat plate and a typical aerofoil. If the flat plate is supported at its leading
edge or ahead of its leading edge it will evidently be stable—in the manner of a weather vane—
for any angle of incidence, although there will be a position of unstable equilibrium at 180°.
If the support is now moved 0.3 of the chord back from the leading edge, the plate will be stable
at an angle of 470 (where the center of pressure is at the support), and is in unstable cquilib-
rium at 0°. This is the case of a balanced control surface which has a small unstable range
about the zero position, a rather undesirable condition, especially on airships. Therefore a
flat plate or & thin symmetrical surface must be supported at least as far forward as the leading
edge to obtain complete stability when moving at a constant velocity.

Now, considering the stability of & cambered surface, which has an unstable center of pres-
sure travel, it can be shown that if the air passes by the wing at constant speed we may still
have stability by placing the support far enough forward. For this purpose moment curves
are plotted in figure 20 for various positions of the support, and it is seen that the wing is com-
pletely stable—a curve of negative slope—when it is supported less then 0.24 of the chord from
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the leading edge. It should be noted that the support need not be taken as far forward in the
case of cambered wing as with a flat plate in order to get stability even though the latter has a
stable center of pressure travel. It may be concluded that a surface run at constant speed

may be made stable, no matter what the center of pressure travel, provided the support be taken’

sufficiently far forward.

For the full-sized airplane, hawever, we have different conditiéns; that is, there is a con-
stant weight on the airplane and the speed varies in uniform flight in such & way that this weight
will just be supported Also in uniform flight the moment about the center of gravity must
always be zero; that is, the moment due to the wings and body must at all times be balanced
by & moment, in the opposite directior and of the same magnitude, exerted by the tail surfaces.
In the case of an airplane in flight, then, the moment curve will be defined by the weight of the
airplane multiplied by the distance of the center of pressure to the center of gravity. This

curve will, therefore, always have the same shape no matter what the position of the center of '

gravity, thus giving the moment curves of the wings stablhty or. instability according to
whether the center of pressure travel is stable or unstable.

As it is impossible to make a simple surface stable at varying speeds unless the center of
pressure travel is stable and there is no practical surface with this property, it is necessary to
resort to a secondary surface known as the tail plane to obtain stability in a full-sized air-
plane. The tail plane acts in the same way as the vane on a weathercock; that is, the moment
curve due to the tail is very stable because of the large distance between the tail plane and
the center of gravity. In this case the tail plane does not carry a constant load, as do the
wings, so that its moment curve can be very stable even though the center of pressure travel
for the surface itself be unstable. Suppose a series of moment curves are plotted as in figure
21 for a model airplane in the wind tunnel at various positions of the elevator. Now, if this
au‘plane is flying at varying speed and constant load, the moments on the model fests at any

-given angle of incidence would be multiplied by thesquare of the ratio of the corresponding full-
scale speed to the speed of the model test, giving the series of curves shown in figure 22. Itis
seen that these new moment curves are stable at high angles of incidence and are all tangent to
the constant moment curve at zero moment; but as the moment of the full scale airplane at a
constant flight speed must be zero, the only part of the varlable-speed curve we are interésted
in is where it crosses the zero moment axis. The stability is determined by the slope of the
moment curve, and as the two curves—constant and varying speed—are tangent at zero
moment, it is evident that the stability at varying speed is the same as at constant speed pro-
viding the moment curves for various elevator setfings are parallel and this is the case in prac-
tically all airplanes. From the standpoint of efficiency it is not desirable to move the center
of gravity far enough forward to obtain complete stability for the wings alone, but this is
unnecessary if the moment curve of the tail is stable, for by combining a very stable tail with
a slightly unstable wing the complete airplane will have stability.

The moments of unstable wings can be made stable at constant speed by moving the center
of gravity far enough forward, but with a constant load and varying speeds, the stability of the
wings can not be changed by varying the posmon of the center of gravity. The complete air-
plane, however, has the same stability for varying speeds as it has for constant speed. It should
be noticed that althouc,h the vectors obtained by a model test may be stable, this does not mean
that an airplane in free flight will be stable; on the other hand, an airplane may be stable in
flight even though it has an unstable pos1t10n of the vectors. However, if the slope of the
moment curve on the model is negative the full-sized airplene will be stable, and if positive it
will be unstable, of course neglectmg the effect of the slip stream.

ACTION OF THE TAIL PLANE AND ELEVATOR IN PRODUCING PITCHING MOMENTS.

The horizontal tail surface consists, in almost all modern airplanes, of a fixed portion with a
movable portion hinged to its rear edge. The turning of the rear part will, first, change the
angle of attack of the entire tail surface, and, second, change the camber of the section, thus
effectively changing the lift coefficient of the tail by the application of very little force to the con-
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trols. The pressure curves indicate that the distribufion of load is constant between the two _
parts of the tail for the smail angular changes used in flight, so that it may be assumed that the
force on the elevator is very nearly proportional to the force on the whole horizontal tail surface.
This is confirmed by the similarity between the stick force curves and the pitching moment
curves of the tail, although there is a discrepancy at very low speeds where the elovator angle

is quite large.

It is desirable in every au'plune to have the stick force zero at the normal flying speed, a result
that may be accomplished in two Ways; first, the inevitable weight of the elevator may be bal-
anced stat.ma]ly by weights or springs, or, second the weight may be balanced—as is usual—
by the air force acting on that member. Now, in order to obtain a sufficient air force to balance
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This is the function of the adjustable tail plane which can be used to minimize the stick force
at any ordinary flight condition. Even & small change in elevator weight may greatly alter
the stability of the airplane because of the important changes that are made on the airplane to
balance it aerodynamically. As will be shown later, these changes greatly affect the distribu-
tion of pressure on the tail surface.

The tail surface works normaily at rather small ancrles of incidence and with a small total
load; so that the center of pressure is often off of the surface, thus having little significance.
The load on the tail generally reverses in sign at & certain speed making the center of pressure
curve discontinuous, . The center of pressure curves for Case III are plotted in figure 23 against
air speed; a separate curve for each engine speed. The curves are quite regular and the vectors
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are further forward with the lower engine speeds. At 65 miles per hour, where the load changes
sign, the vector passes off the rear and returns at the forward edge of the tail plane.

The center of pressure curves for the elevator alone areshown in figure 24; the curves for the
various engine speeds being close together, with a tendency for the center of pressure to be fur-
ther forward with higher engine speeds. The movement of the center of pressure is small, and
moves forward from 45 miles per hour to 60 miles per hour, but at higher speeds again moves to
the rear.

In figure 25 are plotted the moment curves of the elevator about its hinge for various engine
speeds and eir speeds, and while it is evident that a great many of the points do not lie on the
curve, because a very small error in drawing the pressure curve at the trailing edge of the elevator
mekes a great difference in the moment about the hinge, these curves can be considered as fairly
aceurate, as they check with the moment curve obtained by measuring the direct force on
the control stick, and it may be considered that they are sufficiently correct for an illustration.
With a center of gravity position in this run—a coefficient of 0.324—it is shown that the
moments are all positive; that is, there is a tendency of the air to lift the elevator. At low air
speeds this upwa.rd force on the elevator is rather small, especially at low engine speeds; but
as the air speed is increased the load reaches a maximum at about 65 miles an hour. As the
speed increases from this value the curves all tend to go downward; that is, the upward force
on the elevator is increased about proportionally to the air speed. In order to complete the
dats, in figure 26 are plotted curves showing the angles of the elevator for a similar condition of
flight, and it is interesting to notice from these curves the small angle the elevator moves through
for greatly changing flight conditions, and for this reason it is unnecessary in this report to
resolve any of the forces on the elevator into the plane of the tail plane. These curves show that
the angle of the elevator is increased; that is, is more positive as the air speed increases up to
about 55 miles per hour; from this point on, however, the angle of the elevator slightly decreases
and reaches about a neutral angle at the higher flight speed It also shows that the higher
engine speed requires the greater positive angle of elevator setting.

ACTUAL PITCHING MOMENT ABOUT THE CENTER OF GRAVITY DUE TQ THE TAIL PLANE.

The pitching moment produced by the tail plane about the center of gravity of the airplane
is evidently found by the product of the distance from the center of pressure of the horizontal
tail surfaces to the center of gravity and the load on the tail as found by integrating the pressure
over the whole of the horizontal surface. In figures 27 to 31 the curves as determined in this
way are plotted against the air speed in miles per hour for various engine speeds. As shown in
the curves for Case I, the pitching moment has a more positive yalue as the engine speed is
decreased, except at 600 revolutions per minute, which is in nearly all the other cases abnormally
high. The curves all decresse from a negative to a more positive value as the air speed is
increased, and within the experimental error the curves are parallel; at low speeds the curves
become more nearly horizontal. It will be noted that in Case I, where the center of gravity
was a large distance back on the miean chord, that the curves for different engine speeds are
quite widely separated, while in Cases IT, TI1, and IV the curves lie very closely together; but in
Case V the curves are again separated at high speeds, and it is & remarkable fact that the order
of the curves in this case is entirely reversed; that is, that the curve at 1,400 revolutions per
minute is lowest and that at 600 revolutions per minute is highest. As the thrust line of the
engine is about 3 inches below the center of gravity of the airplane, it would be expected that
at high engine speeds the thrust would tend to produce a positive moment on the airplane and
that this would be resisted by a pitching or negative moment on the tail plane, and this is
evidently what happened in most of the cases. The reason for the abnormally high negative
value of the pitching moment curve for 600 revolutions per minute is not very clear, and it is
probably due to some effect of the slip stream—or lack of slip stream—on the wings or body.
The complete reversal of the moment curves for Case V, however, is still more puzzling and can
only be explained by the change in stagger—which was necessary in this case—producing
different forces by interaction with the slip stream. As would be expected, the pitching moment

i
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curves have & more negative value as the center of gravity is moved forward, and, as will be

shown later on, the center of pressure curves from these moments show very good agreement
for all center of gravity positions.

.
CENTER OF PRESSURE TRAVEL COMPUTED FROM MOMENT CURYES.
]

The distance of the center of pressure from the center of gravity of the airplane is evidently
equal to the moment about the center of gravity due to the wings, divided by the weight of the
airplane, which is constant; so that in all ceses the center of pressure curve will be parallel to
the moment curve no matter what position the center of gravity has. In figure 32 is shown
the center of pressure curves for all cases and also for the case of a wing tested in the wind
tunnel having the same section as that of the full-sized wing. In order to obtain the true
pitching moment of the wings alone, the moment of the chassis and body, although small, must
be subfracted; so a model body and chassis were tested in the wind tunnel in order to obtain
their true pitching moment about the center of gravity in each case (fig. 33). These values,
corrected for scale, were then subtracted from the full-seale pitching moment due to the tail,
thus giving the moment for the wings alone. It will be seen that the results of the several cases
check very closely, and it may be concluded that this center of pressure travel is very close to
that actually occurring in flight. The full-flicht center of pressure fravel is, however, con-
siderably farther forward than it is in the model, and this is the seme conclusion that wes
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reached by the British in their fests as noted previously. The difference is not great, but still
it is enough fo account for a considerable lack of balance in the full-size airplane if the center
of gravity position is computed strictly from wind-tunnel results. The total travel of the
center pressure on the full-sized airplane is less than it is on the model; so that the full-sized
airplane might be expected to be more stable than the model under similar conditions.

THE RELATION OF THE STABILITY TO THE PRESSURE DISTRIBUTION ON THE TAIL SURFACES.

The stability of the airplane is dependent upon twe factors; the first is the moment curve
of the wings alone, which in most cases is unstable, and the second the moment curve of the
tail, which is ususlly very stable. The first is mainly affected by the wing section used, by the
amount of stagger, and, most important, by the position of the center of gravity; the second
is affected almost entirely by the length of the body and by the aspect ratio of the tail plane,
for the moment curve will evidently be more stable the more rapidly the Iift of the tail plane
is changed for a given change in the angle of attack, and this change in slope of the lift curve
is mainly affected by the aspect ratio of this surface. The stability of the airplane, then, can
be increased in two ways; first, by making the moment curve of the wings more stable, or,
second, by increasing the efficiency of the tail surface.

The stability of an airplane, as shown in Report No. 96, may be measured in two different
ways; one with fixed controls and the other with free controls, and, as is generally the case, the
stability with fixed control evidently depends on the change in the position of the elevator for
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different flight conditions, while the stability with free controls depends entirely on the force on
the elevator for various flight conditions. It is this last condition which can be studied quite
readily from the distribution of pressure on the tail surfaces, and in no other way can the exact
process of the stabilizing effect on the tail plane be visualized.

In order to study more clearly the effect on the pressure distribution on the horizontal tail
surfaces of various changes in the airplane, the pressure distribution curves are shown in figure
34 for the different cases at 600 revolutions per minute and at the various air speeds investigated.
These clrves are not drawn ag accurately as the originals and are only intended to bring together
in one place the various curves, so that they may be more easily comparod but their accuracy
is quite sufficient for use as an illustration.

In Case I there is a marked upward pressure af the leading edge of the tail plane at the lowest
speeds, but as the speed increases this region of upward pressure moves backward, and at about
60 miles per hour a region of downward pressuré appears at the lower sude, increasing to larger
end larger values as the speed increases. It will be noticed that as the air speed drops from 60
to 50 miles per hour the upload on the elevator increases (unstable), due to increased suction
near the hinge. From 50 to 45 miles per hour the upload increases (stable), due to the climina-
tion of the downward pressure at the trailing edge of the clevator caused by its more negative
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angle. On the other hand, as the speed increases from 60 to 100 miles per hour the upload is
decreased (unsta,ble) until at the highest speed the load becomes downward, due to a negative
pressure region at the rear of the elevator caused by the positive elevator angle. At the high
speed not. only the weight of the elevator itself but the downward air force must be held by the
pilot, making it necessary for him fo exert & considerable pull on the control stick; and if the
control in this position were released the airplane would immediately nose over onto its back, a
thing which hes actually happened with this type of airplane in actual flight.

It might be well to define here the terms “tail heavy’’ and “nose heavy” as used by the
pilot. Generally speaking, the pilot considers an airplane nose heavy when there is for the
greater portion of the flying range a pull on the stick; inversely, it is tail heavy if there is an
undue push on the stick. This force on the stick may be due, how rever, to two causes: The first
is the weight of the elevator itself, which is no unimportant part of total stick pull, and the
second is the air load on the elevator, which, it will be seen, varies with the different ﬂlght condi-
tions. For a balanced condition of the control it is necessary, then, to have an upward air force
on the elevator which is equivalent td the weight of that member, and in some instances the ele-
vator is s0 heavy that this necessitates a large and usually detrimental change in the airplane to
affect this condition.
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In Case II the only cha.nge that hdas been made from the preceding is the movement of the
center of gravity from a ceefficient of 0.326 to 0.381. ‘It will be seen that there is no great change
in the distribution of pressure; a general increase on the upload of the tail surface is all that is
seen, as would be expected from a change in the center of gravity. The general characteristics
of the pressure on the elevator are the same as before, except that the load on the elevator is
more downward at low speeds and of about the same value at high speeds, so that the airplane
is on the whole more nose heavy; still the stability has been improved, this improvement being
due primarily, of course, to the more stable moment curve of the wings, and the tail load is
balanced by this moment.

In Case III the only change was the more negative setting of the tail plane; the pressure dis-
tribution, however, suffers a considerable alteration. In the first place, there is at the leading
edge a small region of upward pressure at low speeds and a greater region at low speeds than
occurred in the preceding case, and, as was shown before, the distribution of pressure between
the tail plane and elevator is such as to increase the positive load on the elevator and decrease
that on the tail plane. The elevator has a considerable upload in all cases due to the elimina-
tion of the negative pressure area at its trailing edge, and this is confirmed by the decreased
nose heaviness in flight. The function of the adjustable tail plane, therefore, is not to alter the
totalload on the tail plane, as this must be constant for any one flight speed and center of gravity
position, but to vary the distribution of load between the movable and fixed portion of the tail
surface, so that the moment about the elevator hinge may be made as smali as desired. Itis
evident by the pressure distribution curve that the stability is increased by a negative change
in the stabilizing angle; that is, there is less down load on the elevator at the higher flying
speeds.

In.Case V where the tail plane is inverted—that is, the flat surface uppermost—a very
considerable change in the pressure distribution is shown. The negative region at the leading
edge at low speeds is concentrated more nearly at the front, but at higher speeds the pressure
reverses and the positive region is more to the rear; so that the region of maximum pressure is
moved & considerable distance back on the teil plane, and altogether there is a greater load on
the tail plane than in any other case, as would be expected with a more forward position of center
of gravity. The pressure conditions on the elevator are quite different in this case, due chiefly
to the very forward position of the center of gravity, but undoubtedly the more efficient action
of the tail plane in this position increeses the high speed stability as shown in Report No. 96.
There is a down load on the elevator at low speeds which changes to an up load as the speed
increases, producing considerable stability, although the airplane is at all times rather nose
heavy.

In Case VI the center of gravity coefficient was 0. 370 and the special tail plane was used hav-
ing a greater span and a thicker section. The distribution of pressure over the tail plane is very
different from the other cases, and while the pressure curves for similar conditions have some-
what the same shape, the down pressure at the nose and the up pressure at the tail were very
much exaggerated, producing exceedingly large values at high speed and these h’igher pressure
regions are concentrated on a very small portion of the chord in each case. It is also evident
from the curves how great is the stability of the airplane with this tail plane even though the
center of gravity is far back—as the downward pressure on the elevator at low speeds rapidly
increases with the air speed to rather great upward values.

THE EFFECT OF THE SLIPF STREAM ON STABILITY.

It has been clearly shown in Report No. 96 that the longitudinal stability of the tail plane
is considerably decreased by the effect of the slip stream on the tail surface, because if these
members are in constant or nearly constant flow of air it is much more difficult to obtain stability
than if they are in an air flow which varies as the speed of flight. The efficiency of the tail

surface then will be proportional to the amount of area which is outside of the slip stream, so

that a tail plane of high aspect ratio is of great advantage in increasing the stability, not only
because it increases the steepness of the lift curve but because it has a considerable amount of
area which is outside of the slip stream.
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The effect on the stability of an airplane from the variation in the slip stream caused by
changing the engine speed is very complex and little actual data have been obtained on it. For
the purpose of showing more clearly the effect on the pressure distribution over the tail surfaces
with the variation in engine speeds, there are shown in figure 35 the various curves of pressure
distribution for the four engine speeds tried, and for the various conditions of the airplane.
As in figure 34, these curves are not intended to represent accurately the pressures, but are only
drawn in a general way to serve as an illustration; Case IV was omitted for the reason that it
showed no difference from Case I1I, and in Case VI there were no runs taken at 900 and 1,200
revolutions per minute.

The free control stability as determined for this airplane in Report No. 96 shows that in
general there is a pull on the stick, and the down load on the elevator is greatest at low engine
speeds. This effect is shown in all the cases, although it is not as evident visually as might be
expected because the downward pressure at the low engine speeds occurs at the trailing edge of
the elevator, and even though the total load on the elevator does not decrease with the air speed,
the moment about the hinge will be more negative with the lower air speeds. In all cases the
lower engine speed produces a greater down load at the nose of the tail plane and at the same time
a higher region over the hinge, and as the engine speed decreases there is a greater region of
down pressure af the rear of the elevator.

How far the effect of the slip stream changes the distribution of pressure over the tail

surfaces by a change in velocity or by a change in direction can not be determined until more
complete data are obtained on the slip-stream direction and veloeity around the tail surfaces.
It is necessary, however, to distinguish between cause and effect; that is, there is a pitching
moment about the center of gravity due to the wings, the body, and the moment of the propeller
thrust about the center of gravity; all of which must be balanced by the load on the tail, and in
steady flight the elevator must be placed in such a position that this load produces a moment
about the center of gravity which is exactly equal to the total moment produced from the
other causes. Therefore, the change in total load on the tail surfaces at a given air speed must
be due to a change in moment about the center of gravity, caused either by the moment of the
propeller thrust about the center of gravity or by the slip-stream effect on the wings and body;
on the other hand, the distribution of pressure over the tail surfaces and the change in pressure
on the elevator in particular are determined by the direction and velocity of the air passing
over these surfaces, and this changes (at constant flight speed) only with a variation in the speed
of the engine. With a constant setting of the elevator in an airplane which is flying, trimmed
at, say, 600 revolutions per minute, when the. engine is opened up to 1,400 revolutions per
minute the average airplane will tend to climb. This is due not primarily to the fact that the
thrust line is slightly below the center of gravity but is mainly due to the fact that the velocity
over the tail is greater and in a.more downward direction—that is, the negative load on the
tail is greater—which tends to raise the nose of the airplane to such an angle that the moment
of the tail plane is balanced by the moment of the wings about the cenfer of gravity; therefore,
the more stable the airplane the less variation in air speed will there be between various throttle
settings for equilibrium conditions. '

SUGGESTIONS FOR FURTHER RESEARCH.

As the value of a research is not only in answering questions but also in finding questions
to answer, it is believed that a short discussion of the difficulties encountered in this investi-
gation and the problems for which a satisfactory solution has not been arrived at will be of
value in guiding future work of this kind. It might be argued that unsolved problems would
be of little value to the average person, but the recognition of problems that are worth solving
is a step ahead in any branch of research and their suggestion may lead to new lines of thought.

One of the most important problems, and one on which there has been only a little light
shed, is the section of the tail plane. It is seen from the tests in this report that the tail plane
with a thick section gives very high local pressures at the leading edge and at the elevator hinge,
but at the same time it also gives to the airplane an excellent degree of stability; and the ques-
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tion that has not been answered is whether the even distribution of pressure over the tail sur-
faces is incompatible with a stable tail moment curve. It is suggested in Report No. 96 that
the point of maximum stebility depended upon the relation of the camber on the upper or
lower surface of the tail plane, and that a high upper camber gives stability at low speeds,
while a high lower camber gives stability at high speeds. Also the results in this report show
conclusively that a tail plane with a flat upper surface and a considerable camber below gives
a much more even distribution of pressure than the usual type of tail where the flat surface
is the lower. The whole problem, then, consists in finding that section which will give the
greatest stability with the most even distribution of load over the tail surface. Of coprse in
some airplanes a high degree of stability is not required or even desirable, in which case it is
still best to use the most efficient taﬂ section, and if the stability is to be reduced, to cut down
the area of the surfaces.

Another unsolved problem which is of the greatest J.mporta.nce in the design of tail surfaces
is the investigation of the causes for the vibrations which occur in some tail planes. It is believed
that this is the reason for the failure of some tail planes which are structurally quite strong enough
to withstand the static load which is imposed upon them. The data from this investigation
show that there is in some instances a very great torsional load on the tail plane about the
Y-axis which produces a considerable change in the angle of setting of this member due to deflec-
tlon, and this deflection in turn would cause a still greater change in the pitching moment; so
it is quite conceivable that pressure conditions could arise in which an oscillation would be
set up about the Y-axis which might become dangeroucly large for certain speeds.

In regard to the changes in the methods and instruments which would be recommended
for another test of this kind, the first would be the recording on the same film with the pres-
sures, as at present, the value of the air speed, the engine speed, and the angle of the elevator.

This could be done very easily by measuring the air speed by the height of the liquid in one of

the tubes in the same way that the pressures are measured, and the revolutions of the engine
could be recorded in the same way with a liquid column raised by a centrifugal pump as in the
Veeder liquid tachometer. The angle of the elevator could be easily recorded by placing a
scale in the center of the gauge and having & small pointer running over it on a flexible
wire connected to the control system. In this way a better check could be obtained upon
the aceuracy of flying done by the pilot, and it would also give additional data which would
be of value in studying the results of the pressure readings. As mentioned before, the neces-
sity for making capillary corrections for each one of these tubes in the gauge was very laborious,
and in another instrument every effort would be made to obtain tubes of such uniform bore
that these corrections could be neglected. -

CONCLUSIONS.
STRUCTURAL CONSIDERATIONS.

The most interesting results obtained from these tests are, perhaps, the very low average
load per square foot on the usual type of tail plane during steady flight; so'small in fact that it
could not in any conceivable way cause failure, even on the weakest tail plane. With the tail
plane of thick section, however, the conditions were quite different, even though the average
load was of course the same as before. A very high local down load occurred at the leading
edge and conversely a very high up load occurred at the hinge, which consequently produced a
very large torsional moment about the Y-axis of the airplane, so that this type of loading
might prove structurally unsafe unless the front spar was made exceptionally stiff. It is also
shown that there may be considerable danger in the use of an adjustable tail plane which can
reduce the load on the controls to a very small amount, yet the load on the tail plane itself may
be very large, in some cases dangerously so, without giving warning to the pilot. The advan-
tages of an inverted tail plane—that is, a section with the greatest camber on the lower surface—
are made evident from the pressure curves, which show a much more even distribution of pres-
sure over the tail surfaces with this arrangement. The use of a tail plane of high aspect ratio
is in some cases a structural advantage because it brings the tips of the tail surface outside of
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the slip stream, and it is the tip of the tail plane which .carries a considerable proportion of the
loed; and if the tip is in the slip stream, as is the cese with a great many tail planes, this load
is cons1derab1v sugmented. In this case the load may be upward on one side of the tail plane
and down on the other, due to the rotation of the slip stream, producing a very large torque
about the X-axis of the alrpla.ne, while with the high aspect ratio plane this torque is consxderably
reduced.

STABILITY.

The conclusions reached on stability may be summed up briefly by stating that the efficiency
of the_tail plane is increased by an increase in aspect ratio far more than by any other change,
and this is proved not only by pressure distribution but by theory and by tests on the stability
of the airplane from measurements of the elevator force and position. The center of pressure
travel for the wings as determined from the integrated pressure on the tail surfaces give curves
that are fairly consistent with themselves and with results obtained in another way by the British,
but the center of pressure is slightly further forward on the full size airplane than it is on the

model.
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200 RRM. S0 MFPH

-«
]
$
S
e
by Dwection Cusrof Tofoliood Pounds
& ofactlon. wofer. ipourrds. persgft.
9 Tl plone. o 380. 13.40 ALE
N Gevator: - /36. £.92 222
Total. - 18.32 35/
Fig. 129. Favafor moment cbout hinge = 4.92 in. /bs.
CASE [ 200 RRM 70 MPH
i~
I
[>]
.y
o ! ——— — "'—-\\ —— — ._I
f Te—— e g e = T S
-
—Reghrt side.
a
v
1Y
2
-~ Oiraction Cum.of Jololload Pounds
3 ofocfon. waler. mpounds. persg 3.
N Eulplore. Down -28. -1.0I 034
H ELevatar v —40. -145 055
2 Tofol - -248 047
fig. 13/, . flevator moment about finge = —S6.7 . th.
CASE 1. K00 RAM. 45 MAH.

L8 per fr.of chard &
S

Frg. 133.

Oirection Cu.dir.of Tofalload FPourrds

ofacrion. wafer. &1powrrds. per Sg.ik
o plone.  o. /22. £42 A47
Llevatar: Dowrn., -462. -/6.70 753
otof. . ~/2.28 .235

tevator moment about hinge » ~309.0m. is.

20167—23——19 -

-

66,

CASE 1.

/1200 REM. 680 MAN.

——
- -
-~

-~ -

-4t -

3 X X
a3 N

S N ~

N -
0.

z Oirection Cuinof Tofalfood Pounds
g_ ofaclion wuofer. mpounds. persg.r/k
P Bilplone. Up. 260 940 .34
3 Bevotor: - s5¢. 195 088

orol - .35 2f7
Frg. 130. Hevator moment about funge = -£3.8 m. b

CASE I 1200 RRM. 80 MPH

T

=

3 S .

N i)

14}» Q b § /\ Q

ol 1 T~

-2 ’I‘—‘s\\ 2

——— -

Fig. 132

CASE 1.

Diraction Cu.mzof Tolollood Powrds
ofaclion. wofer. irpourrds. persgfi

Bifplone  Oown ~f/88. -43.0 /430
Lhevaror « -380. -/3.8 520
Rortal - ~58.8 LO87

Levalor rmoment about hinge = -~ €7.0 in. /bs.

00 RRM. S50 MRH

o
3

8

-

—— S ————

Lbs.per il of chord, 4

F1g. 194.

e~ T m L7

Oireclion Cu.ir.of ToYalleod Powds.
of action. wofer. npaunds. persq.fi
Taifplarne.  th. &/6. 870 .24

flevafor  Oown. =20. . - .725 ~.0326

Tetof. . /7.985 .344

£levalor moment about funge = —2.175 w. /bs.
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CASE 1. 00 RARM. 60 MAH. CASE 1 8§00 RAM. 70 MRH
N ¥ N W
3 3 3 3
4 Q 8 “4[ . N —_— ¥
— s ==TT" \ . i ~—
ol Right = e N — o B# ~——
~_ o = e ——— -__’___~~-__’/ ’_Y_-‘—‘— TN =
-4 -/ Latt sice. ~4if / Lef? side. ==
¥ B \>
2 P
A\
%
P - 1”2 Totol . ]
N Oirection Cu.inof Tofalload Pounds > Direction Cu.in.of Totalload Pounds
i ofackion. woter. inpourds. persq.ft. g ofaction. woler. ingounds. persgft
2 il plone... Down.  ~28.. -1l 0337 % . Bilplona. Oown. -488. ~17.70  .590
~ Elevator: - ~88. =246 Ny X Levalor: o -482. -2.97 134
Rortol. - - =347 .0665 5 Tofol. “ -20.67 396
Fig. 135 Flevator roment abouthinge = -73.8 i /bs. Frg. 136 Elevotor maoment about binge = = 118. in. B3,
CASE I. 800 RAM. 80 MARH CASE 1. 800 RRM. 80 MAH
E
3 N - oo : o Y
N S , ’ N 9 . Q
r4r &1’ ’ .- Mr Q % .
P — Joer—" ~ -
e I e o,
7 /\_—_/ﬂ
- —_——= /s

Oiraction Cu.inof Tofolload Pounds
ofoction. waler. inpounds. pers@.fi

lailplone. Oown. -15/2. -54.80 1.820
£tevator: “ -272. —-38.85 A4
2. Torol. oral. w -6465  L240

frg. 137, Elevofor moment about hinge = — 182, in bs.
CASE T 600 RRM. 45 MPH
8 otol.
4
N Nttt ket = .
%— -
- *
; s x
¢ a Q
3 <
n\
N Direction Cu.m.of Tofollood Founds .
¥ ofaction. woler. wpourids. persqfi
2 -lodplene Yo 996. 36.0 1207
~ Lflevolor. © 244 a.84 398 .
Total. “ 4494 860
Fig. 139. . Elevator moment about hinge = 132.6 inlbs.

- — —
- —— ~———

&

) Totat Owrecton Cuun of Totallood Pounds
i otal. ofaclion. waler i . persq.t
3 Enlplane, Oown. =-988. -358  1/S0
s Elevalor - ~354. -12.8 578
. Total. . -48.6 930
. Fig. 138. flevator morment about hinge « =256, i, lbs.
CASE 1. 600 RAM 50 MAPKH.

g y—— R
‘L
a o
§ & N
LY
-3
-
-5 Diraction Cudnr.of Tololload Pounds
- & ofaction. woater. pounds persgh.
4 Toil plone. Yo, 564. 34.90 1162
N Flevator: - 190. 3.62 463
wrat, “ : 38.52 737
- Fig. 140. Fayator moment about hinge = —9.66 in. 1bs.
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CASE I 800 RRM. 80 MAPH CASE 1. 800 RRM. 70 MAH B
W ..
x
Tofal. g -
=) - -
™ - I — Ql il

-———
- -
-

4
0le= '/—’*\\igzg_' /\\_\ P
\5—_"

LAs per t.of chord,

] Right side. et = et
- . : _4_[_
T | ¥
X 13 g -
3
&
Oirection Cu.in.of Tofollood Pounds N Giection Cum.of Bofalload Pounds
ofacﬂibn. w“;e?' Mpounds. per3sq.rt. & efaction. worer. fipoundas. persq. i
ifplane. Uo. ' S04, /8.23 W 3 . ol plone. Dawr, ~204. -7.39 ot o
Levator - &8. 246 Nigs ~ Levator: Y. 210 760 - 342 o
7otal. - . 20.69 396 Totaf, - .24 -0040 .
Frg. 141, Bevator moment about hinge = ~9.85 i1, Mbs. Frg. t42. Hevator moment about hinge = 78.3 iz /bs. i
00 RAM. 80 MEH CASE 1. 86GG REM. 160 MPH. -
(2] *4]-
a g
-£ -
&8 -1
12 2 '
o Direction Cuin.of Tofolload Pounds Birection Cuin.of Tofolload Pounds
: ofoction. wofer. #pounds. persg.f. 6 ofaction wm’u—_ &1 pounids. persg.i. -
3 Tl plone. Down. -658. -23.80  .794 - %l phonie. Oownr. —1216. -44.0 1466 N Ll
3 Hevator: U, /02. 3.70  ./56 - Y Heavofor: . « — /84, - 6866 @ .300 N
N retal. . -20.10 575 X mtat Total. . -50.658 .97/ -
Frg. 143. Bevatar mament abouthinge = —/4.8 /. fbs. ~ Fig. 144, Eevafor moment about binge = 1854 k1 is. .
CASE . 400 RAM. 45 MPH. CASE Z. MOQ REM. 50 MARH.

*
-

Q
TR
()< \\n
\ X
-V
“b

"l' Yy N :
- ~ /\;~—~‘~*( < '
[ — = [ al/ /. Hem ey yner ] :

|

i Side. N —~4 /< _ i~ L
¥ ;\ & ] Right side. ! E —
% < 9 8 @ 3 -
b ~ ¥ ! ~
S g
= .
b Oirection Curof Bfalload Founds g Ourection Codrof Totalload Founds -
& ofacfion. waler. s1pounds, parsg.rt 5 ofoction. woler. wripownds peragff o
4 Zilplane. b, 854 3050 o023 3 Zod plone . 5%0. 2ire40 712 -
~ Elevaror. . /36. 4£4.82 022 'E Hevator: - 244.- 8482 297 B T
Rofol. . 35.82 688 " oral. - 3022 578 T
<
~

fig. 145. Levotor moment about hinge = 4.92 in. bs. Fig. 146. " flevatar moment abouf hinge = S8. i k.
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CASE Z. 400 RRM. 60 MR CASE . /400 RRM. 70 MAH,
otat.
o
alr- ligﬁ \/"'4‘;
Nt [ Rt side
-~
8
¥
S Direction Cu.in.of Tofolload Pourds Oirection Cu.n.of Tofolkod Pounds
S ofaction. wafer. mpounds, persq.ft /5 7_\’ y of aclion. wafer. #1pounds. persq.ht
X . Bilplone. " Up. 50. 3.26 109 3 ora. Tilplane. Down. =226, -8.19  .2723
g Lavaton - 162. 5.86 264 - £levotor. Yo. 278.  (0.05 S£54
P Tokal. " 82 475 § - " ®rol. e 1.86 0356
~ N
Frg. 147 Flevotor moment about hinge = #8.9 in. /bs. . Y Hg.as. levator moment obout hinge =/03.6 i, fbs.
\CASE 7. /400 RRM. 80 MAM. CASE . 1200 RRM. 45 MAH
v I. seﬁ. E‘n‘af. .
/o > ——TTITT N - —
0 _— X >
N A Right side. .
-l _
N W
¥ : :
3 3 9
: \ :
Diraction Cuir.of Blalload Founds K Direction Cu.in.of Totallood FPounds
ofoction. woter inpounds. persg.fk & ofaclion. woler. inpounds. per3g.ft
Tailplone.  ODown. 840, -304  10/4 3 %oi/plone.  Up.  556. 20.!5 .67/
ELlevolor: - Yo 116. 4.2 /89 Elevotar, » /90. 6.86 3/0
- 7ofal. Down, . -88.2 soe o Torat. - 27.03 St7
Fig. 145. Elevotor moment obout hinge =-I4.8 in. Ibs. £1g. 150. Llevotor moment obout hinge =187.8 i. lbs.
CASE 11 1200 RRM. S0 MRH CASE 7. 1200 RRM 68 MAHM,
/Erq( .
/
+4 o \767‘0 s v l‘ Leﬁ f\\
aLL, v — = a[/” // =~~_ - "Ax me——— I
) - |
Ll L poght sice. oL A Right sice, y
- d X ~ y
¥ N ¥ : ;
] ]
§ al § s 3
S S
S g
o ™
N Oirection Cuin.of Totollood Pounds T Diraction Cuinof Totalload Pounds
3. ofaction. woler. inpounds. persg.f. & ofaction. worer, inpounds. persglF
g Toil plone.  Uo. 372 1350 450 4 Torilplone.  Up. 644 23.3 725
N Llevalor. ™ 122, 442 /99 L lavolor, 5 ~ /96. 7./ gz
Botof, . 17.92 344 Totof. “ - 304 582

Fig. 151, Flevaror moment abouf hinge = 76.6 in. lbs. 9. 152, Ftevator moment ébwf/»‘nge - 568 in s,
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1200 RAM. 70 MAH

.
Vi
=y

————

Total

Lbs per f1,0f chord o

Fig 153,

snde.

2T
E.4°E

Oiraction Cuxiof Tofalload Founds
ofaction. water. mpounw persq. i

Toplone  Down. -6. ~.2/8 0072
Flevator o 74. 2.680 L2217
Total - 2.452 <7l

Llevalor moment about hinge - 40.4 in. lbs.

800 REM. &5 MAH. .

w
a
§

Frg. IS5.

CASE 7.

A

Lba per lY,of chord,

Fig. 157,

\-N
B v
™ S
‘Ll
S
L1

Lireclion Cwinof Bfalload’ FPounds
ofocfion. water. ipourds. persq.ft

Tdplane.  Up. 800. 28.00 864
Hevator: Oowr:. -54. -/.95 088
Total. to. z7.05 518

flevator mament gbout hinge = -24.4 i Ibs.

G00 RAM. 60 MRHA.

Oirection Cuwnof Bofollood Pownrds

afaction. wafer mpowrxts. perso.f?
Toil plorre P 28. £O15 0338
Hevaror. “ 40. 1.450 0653
foral, " 2465 og7t

£levafar moment obout nge = 48.4 m. bs.

CASE I 1200 RRM. 80 MPH
~ )
o
N
+4l- o
| —
— N
\_" ” \___
T pr—"

CASE X.

Lbs, par Myof chard.

Fig. 156.

| CASE I,

Fig. I58.

Gireclion Cum.of Jofalload Pounds
ofaction woler. smpounds persg.f

Gl plone. Oowrr. -540. -]19.500 650
Havafor o 4 445 0085
-/8.355 37¢

Clevatar moment cbout hinge = 1.6 ¥ fbs.

S00.RRM. 58 MARH.

Oireclion Cusnof ofallood Pounds
ofoclion. waler. Fipourds persq.it.

Tailplone.  Up. 6/0. 22.10 F37
Gevafor.  Oown ~34., =~1.23 0555
oot Uo. 20.87 400

Flevotor moment about hinge » ~3.85 w2 lbs.

300 RRM. 70 MPH

Oirection Cum.of ololload Pourds

ofaclkon wa

ilphore.  Up &8. 3. /80 .06
Elevolor: - 20. 724 0328
Tofal. - 3.904¢ a746

ELlevator moment about hirge « 19.3 m. los.

for. srpounds. persgift

S

I



[

L]
—

Lhs [f¥: chord fy

7otal.

Fig. 169.
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S00 RBM 80 MPH,

Qirection Cu.unof lofolfood Founds. .
ofaciion woler. mpounds. persq.r

il plare. Bown  -376. -20.90. .695
Llevoror. Yo, 4. /.23 055
Tore/. . Dowr -/9.67 .377

Llevator moment abouf Ainge = 9.84 47 /bs.

800 RRM. 45 MAH.

‘:~'
o
S .
D’

42T
Fehord [

Q
3
Y
by
3
Fig. 761
CASE I.
.u‘w l—
a
L
5
%
o\
g
3
Q
w
3

Fiig. 163.

v

Oirection Cu.b.of Dofollood Pounds
ofaction. wofer. p0Unds. per.svﬁ'

il plane. Uo. 720 26./0 868
flavotor. Oown, =176. -6.37 287
7oiol. Yo 18.73 .378

Sevator morent oboutbinge = 9.6 in &bs.

r

600 RAM. 60 MAK

——————

&

ODirection Cuin of Tofalload Pounds

ofaction. woler. mpounds. persqg.rt
Tt ploe. Lo 224, &rt - .2re
Llewtor  Dowrr. -84. ~2.46 NI
Bral. Y 565 fa8
Fevoror moment cbout hinge = —8.85 in lbs.

G000 RRM. 80 MARH

"TASE .
E
S ~~ Wy b
-941.. Ny Q
ol e

Owrection Cu.m.of folalloed Pournds
ofoclion. wolar. wnpoundk persq.ft

Rilplone. Dowrt. -I460. ~-53.00 17680
Hevaror. - -{04 -~ 3.9/ £76
7ortal. . -56.9/ 1080

£levator moment about bunge = -63.4 m2 (bs.

600 RRM. &0 MRA.

CASE .

Fg. 164,

Direction Cudnof Tofal lood Pourds

of oction. woleri mpounds. persg .

Zoi/plone. o, 584. af./3 Jo4 .
. &igvalor Lown. —E24. ~8.¢/ J65
7otal. [7-H 13.02 249

flevalor moment about hinge « I13.0 0. bbs.

800 RRM. 70 MRH

- 2e.a7T

Directon Cum.of Tolatlaod Pourids
ofaction woler. inpounds persg. .

Jod plone.  Oown., -S54, =196 0865
Llevotor Lo &8, /8 N k)
7otal. - LE3

0236

Elevator moament cbout hunge = 73.7 i 1bs.



CASE I
N
S
"4I- m

HORIZONTAL TAIL SURFACE OF AN ATRPLANE.

800 RAM. 80 MAH

2
] Oiraction Cu.m.of Tofalload PFounds
s Bt afochon. wafer. s1paunds. perIg.fv
5 Rfplone. Dowrs. -9/0. -32.95 1095
L3 Hevaror. . ~122. - 442 199
3 Toral. -37.37 7/5
~
£1g. 165. Llevatar moment ebout Finge = ~540 k. bs.
CASE T 1400 RAM. £5 MAHK
otal.
b ren :
€1z T - —
S~ e
ok ya - e
A
P / Right side. - W
N
AW, o
3 Orection Cuwiof Totelload Pourds
q ofoction. wafer. &1pounds. persq.f
= Eiplone.  Up. 470. 70 567
¢ Llevator:.  « 4/6. 151 676
g
3 Total - 32/  .6/5
Frg. 167, flevator momenf about kinge =/82.7 m. [bs.
CASE [T, 00 RRM 60 MAKH.
[

4

Orection Cu.krof Fofolload Pounds
ofaction. wofer. ripowds persq.it

il plone. Oowrr. -£98. -10.7 ~357
evator: (7% 266. 8.6 433
" Tofal. Dowrs. - rI 028!

Levator moment cbout finge = 5,08 i1 fbs.

CASE I,

295

800 RAM. (00 MAH.

/60,0 “£

K/%s |

ofoction. water. moounds. persali

Bil plane.  Dowrr. —(430. -51.8 L725
Hevafor: " - 6 - 27 o088
Rofof. - -52.0/7 8987

Levator moment abour hinge =—34.75 in. 1bs.

00 RRM 50 MAFK.

Lbs,par fhof chord o

£7y. 168.

Oéection Cuinof Tofalload Pounds
ofaction. wafer.  fTpounds. persg i

Zailplane.  Up. 326. 1.8 .393
Hevaror: . S08. 17.8 802
’rol. - 29.6 557

Levalor moment cbouf hinge =7 1. /bs.

70 MAH.

1400 RAM.

Direchion Cum.of Bfalfood Founds
ofoction. waler. k1powds. per sq. i

Rl plone.  Dowrr. -1 —22. 0 -613
Llevaror: Up. 454, {7.85 396
Total. Dawrr. - 4£.25 .aat

Sevortor moment about hunge =I52. it /53.

Lt



REPORT_ NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

1400 RAM. 80 MAH

CASE T,

Lurgclion Cu.un.of Tofollood Pounds
o/qa‘m weler. mpounds, parso
il plons.  Dowr. -1094 -39.6 r320
L/evoror: [7°H 582 2l.¢ S50

Total Lown, ~-18.5 254

Levalor moment about hinge =/83.5 in. tbs.

/200 RRM. 50 MPH

CASE D,

Omection Cum.of Totollood Pounds
ofactiorn. woler hpounds. persq.ft

Toitplone. b, 370 134 A4LE
£levator: “ 358. /3.0 584
Totol. “ 26.4 505

Elevator moment about hinge =[44.3 . bs.

200 RAM. 70 MRH

Owection Cum.of Porellood Pounds
ofaction. wafer. inpownds. persqft

Bilplone. Down. -608. <-22.1I° 734
Elevotor. . 366. /3.3 .597
Torel. Dowr, - 8.8 017

Levotor moment obout hinge=171.6 in. bs,

CASE .

LY

L3 per i, of dhord.

Fig. | 72.

CASE I

cos per ffof chord. «

1200 RRM. 45 MPH

Direclion Cupaof lotolload Pourds
ofacfion. woler. spoundy. persq.hh

B/ plane.  Up 6 27.0 .800
Hevofor:  « 85, 125 565

Toral. “ 39.5 758

Eevator moment about binge =/SI3 in. 1bs.

/200 RAEM. 60 MAHA.

Fig.

3
§
2
N
96°E

/174,

2°r

Direction Cuirof Tololload Mounds
ofaction wofter. #powids. persq.ft

Bt plore. Dowrr. -68. ~2.46 Q82
£flévotor. Yo, soz. /8.20 820
fal . - /5. 74 304

Levalor morment obout hinge =175.0 i, Ibs.

1200 RPM 80 MPH

— Rght Oiraction Cu.in.of Tofollood Founds
sia, ofocton. woler. s1pounds. persg.f%
od plorne, Down. ~(264. -4580 [.524
Llevator, Yo. 380. 13.725 | 620
Rortal, Zofof, Sown, -32.05 .6/3
Fig. /76, Eevoror moment obout hinge = 144 i, fbs,
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CASE 7. S00 REM. #£5 MPAH "CASE II. S00 RARM. 50 MPH,
ﬂtl- Bg( . -‘4|-
e 1 TN N
r A o
—‘ k k
: 3 d 3
A3 oy
3 = N %
< P
& L
Directiors Cu.in. o ofeffood Fowras Directior CuﬂObeaﬂ’ Pocurds
i ofaction. w‘}a— i1 poursds. paraq. 1t §_~ . ofodfan. wofer npounds persgf
o Eilplore. to. &30 18.20  .638 § Biplone. tp.  480. 1740 579
& flevator = ri0- 398 .80 Hevator  « /72 623 138
Rotol. . 23.16 444 wotal. . 2363 452
Fig: £77. ELlevoror momernf abouf hinge » f18.0 i Bs. 7. 178. Hevator moment obout hitge = 78.5 w2 kbs.
CASE T, S00 REM. 60 MAH. CASET. 00 RRM. 70 MPH.

i
§ Direction Cuidr.of Tolallead Pounds Direction Cu_lnaf Esﬁm’bad Founds
9 ofacfian warer rpounds persg.lt fSL ofacfion. woler: (RpounNdy. persq.f%
§ ol plane. DBown. -268. -—9.50 Ji8 5 - lat/plore. Dowr. -8985. -35.7 1194
8 Eevartar: to. /76." 637 W21 U Hevator: $o. J24. 1.7 528
“ Total.  Oown. -3/3 060 § ®rol.  Oawn. -240 460
-4 -
Frg. £79. Hevator moment obout binge » 83.6 i Ms. Fig. 180 Elavator moment about funge = 4.8 i lbs.
CASE IF. 00 RRM. 80 MRH. — $00 RAM. 80 MAH

Directors Cu.mnof Totaffocd Fouras

Oi-ectron Cuinof Tofaffoad Pounds
afactionr. wofer spounds, persgh action

Taral - water: m1pounds. persgft

J! N
g Brol Zoifplane. Oowrn. -/286. -46.8 £550 ° Toilplarre. Oownr.  -/200. -43.40 (45
o Fhevator o 236 22 548 Hevalor  Up- 386.  14.00 63
£ Rt Downr. 344 . 659 otol. Lowrs. -29.40 56
3‘ .
N Fig. 182.

Elevator mament obaut fuinge = [28. iz lbs. Llevertor mament abouf hinge =/56.0 in Bs.



298

REPORT NATIONAL ADVISORY COMMITTEE FOR ALRONAUTICS.

600 RARM. 45 MARH.

Lbx per fhofchord. &

Fig. 183,

CASE I,

W
h

Q)
Y

Oirection Cu.un.of Polalload PFounds

ofactior. wofer: spourds. persg.ft

Toff plore, Yo, 778. 28.20 940
Llevator: « 20. 722 033
7oral. “ 28.92 554

Llevalor mament obout hinge = 8.64 1. 1bs.

600 RRM. 60 MPEH

+4 |.
Right.
ol - v — P Rt —_—a—
7 N Leff side. B
N | &'
i Torol ' o
} 3
w
S
N Oirection Cuir.of Totolload Pounds
g ofaclian, wofer. inpawrids. persq.ri
g Toil plone. Dowr. ~70. 2,53 084
~ Elevator. T ilp. 276. 10.00 450
Totol “ 7.47 J4L3
fFig. 185, . Llavator moment about inge =138, in. lbs.
CASE I, 600 RRM. 80 MRH

2

L83, [7% chrord,

Direction Cu.ln.of Rofollood PFourds
ofocton. . water, inpourds, persg.ft

il plorre.  Oown. ~9(2, ~33.00 (100
Hevator: —lp. 308. /t.l6 503
otal. Daown. -2/.84 418

" Havator mement about hinge =(40.6 it tbs.

CASE . 600 RRM. 50 MARHA
+q r otal.
oht
0 e e —— &\%—_‘_4
Ler? side” === ==
"4.L iy u
LY ¥
S Q
! 3 3
LS
°~
i Direction Cu.inof Tofallod Fourds
2 ofaction. woter: tpounds. persq.il
,g il plone. Up. 508. /8.40 R-12-4
N £Llavdtor. ” 40. /.45 0865
Tofal. /9.85 380

Llevalor moment about hinge = 88. in. tbs.

Fig. 184, Elevator moment abouf hinge = 14.5 #1./6s.
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HORIZONTAL TAIL, SURFACE OF AN AIRPLANE.

CASE XX 400 RAM. 45 MAH.

oral,

+4[- Leff side.
,L,/'::_;_:\___\ o
alf /—_/ S

v
)
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ofatlron. woter. Arpowidy. persgft

Tordplone.  Us. &08. 2. 733
Hevatar. - J06. irr 500
Toral. - 33./7 L34

Los.per ft,ofchord. o

Fig. 189. evalor moment abourl fiinge=123.2 i 1bs:
CASE . 400 RRM. 60 MRH

LS5 "E
28,
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% Total Oirection Cumof Tafallood Pounds
o ofoction. water mpaunds. PerIQr
B Zilplane. o ' 94 I« 413
ﬁ Lavorfor: « 448. /6.2 23/
Tofalf. . - /8.6 376
Frg. 137/ Llavator mament obout Ainge =187.0 in. b,
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Tatal. Dowrr. ~/6.2 210

Llevarlor momen? about hinge = 231.0 in, tbs.
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Frg. 190.

CASE IF.
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299

900 RAM. 50 MPFPH.
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S5./2°

Oirection Cusrof Jofollood Pourds
ofaction. wafer. &1p0unds. ,aermﬁ‘

Kifphne. tp. 536 1939 ' 647
Levafor 576. 20.90 .940
oral. w £0.259 .771

Levalor moment obout tunge = 2410 k2. /bs.

00 RAM. 70 MAH.

CASE T,
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H
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Dicactiorr Cuinnof Tofalload  Pounds
‘ofaction. wafle: & pounds persg.rt

aiplore  Dowrr —682. =250 835
Hevator, [7:2) «06 /4.7 563
ofaf Jovwrr -10.3 I87

BLlavator moment about rnge = 107.5 iz &3,

200 RRM. 45 MAH.

a. 7 el —g———
i
-1‘!— \/‘(ﬂ'gﬁf Side. . N
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: X 3
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L Oiaction Cum.of. Iofolfoad FPounds
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3 Tod plane.  (h, S558. 202 573
N Hevalfor™ 224. a./ 368
. Tortal. - 28.3 42
FR.194. Hevotor momernt obout kinge = 78.5 in. 3.
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) CASE I, /£ BM. MPH.
CASE I¥. 1200 RRM. SO MRH. R . 200 RA/M. 60 MEA.

=-4r

—— 1 | ey
ol e
\ ol f o Rught side.
-af LG ’ ) ]
X ]
© H

8 o N

X' Bt
E . § Oiraction Curh.of Rololkbed Pounds
3 Oirection Cu.in.of Tofolload FPounds S ofoction. woler. uinpoursds. persg.rt
3 afoction. water  lnpounds. persg.f R il plare. U, 40, 145 0483
N Gilphne. o 374 1255 450 g Flevator.  « 374. 1355  6/0
Q Llevalor: ~ - 12.7 . .575 ) 5 Torol. « /5.00 287
9 Tortal, . _26.30  .504 .
~

. - _ £Fig.196 Flevalor mament aboul hinge «/30.5 . b
Frg. 195, Hevofor momert about hinge =/43.5 i, /bs. b4 o e et atoul nags - o
CASE I¥. /200 RRM. 70 MPRH. CASE .. /200 RRM. 80 MAH.

\
-2k N CG ‘}\
s\ 5
/2
] T Direction Cu. r Tofalload Pounds
E "o, Orection Cuimof. Tetalloae Foundts G ey, Iopouunds oor sgt
R} il plane. Dowrn. —/24, -4.5 [49 7l plane  Oown 610, -22.10 S35
g fevolor, Ho. 495 180 810 Flevator . 244, 8.84 398
§ Tortol - /3.5 258 Total Oown -13.26 254
Fig. 197. Eevatar moment cbout binge = 207 in. lbs. Elevator moment cbout funge =H3. . 3.
CASE IF. S00 RPM. 45 MPH _ o CASE I S00 RAM. &0 M.PH,

¥
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N W by N
5 o 5. N 5
Ly a S ~ ~
‘a\ -
&
Direction Cuiof Jotollood o Y Direction Cuin.of Tokalfoad Pounds
e an Gt oo e fasiidy g ) ofaction. waler: irpounds. p;;:m
Rilplone  Uo. 712 2580  .660 3 %l plane.  Up s22, /8.9
476 Elevofor. ato. 7.5 342
£Llevoror: “ 108. 3.9¢ 3 o
‘otal, - w . 29.7/ .59 otol. w . 2s. .

Fig.199. Flevotor moment about hinge =805 in. lbs. F19.200.  fleyotor mamert about hinge = 3.5 in fba.



HORIZONTAL TATL SURFACE OF AN AIRPLANE.

CASE 7 SO0 RRM. 60 MPH
v‘r -foral
0 L"-fﬂ‘-}- 7//":““\~~:: [ =N
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E ofoction. wofer: i pounds. persg.t
" . T plane. . 232, fa.59 J52
3 fevatar, 264. 956 430
orfaf. M 20.15 386
Fig.20¢ £levalor nioment obout linge =102.5 &1 1bs.
CASE IT. S00 RAM. 80 MPAPH.

2
: Oirection Cu.raof Bfaffoad Fourds
E X ofaction. woler: inpounds persg.ft
§ %ol Tilplne. Down. ~34. ~1.23 .04/
s‘ Levolor: Ho. 458. /7.70 795
g Totaf. « 16.47 35
fig.203. Lievalor momernt cboul hinge =(72.0 i lbs.
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f_. ofaction. woler: irpounds. persg
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3 Levator,  -w 230. 834 375
5 tof. ,, 4344 .832
r1g.205. Llevator moment obout hinge =182.0 i fbs.
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&l plane
Elevator:
Tofal.

CASE I¥. S0 REM. 70 MAH.
f4l_ .
Right: == —_———
ol ‘f{}' eI N
/,/ teft side !
) \/ '.“ ®
S
8= 7efal <
% Direction Cu.ir.of Rofolload Pourds
“6‘ a"acﬁlgnn. :a‘:a— hpoma;ﬁ-. per sg.rft
N Gilplone. Up.  68. 246  .0820
3 Levator: - 386. r4.00 630
P ral. - 16.46 345
~ . . - -
Fig.202. Levartor moment about binge = 2/6.0 i ks.
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24~ ™ f1.204. Eevoror moment about hinge = ~33.7 i Ibs.
CASE W7, 600G RAM. 80 MAH
e foral.
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Fig.206. Llevator moment about funge = 37.1 i, tbs
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Lo3.per ft,of chord,

Fig.207.

LAs.per Tofcd. R
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CASE LY.
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CASEIX

600 RAM. 60 MAH

8
Diraction Cu.in.of Totollood Pounds g Toral.
ofaction. weter. inpounds persqft .
Bilplone. o,  182. 659 .29 3
Elevotor: - i 2. 287 /34 5
Ttot u .8.56 /83 |
Flevotor monient about hinge« 436 i1 Ibs. fig.208
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Elevator moment about hinge = 32./ in. tbs.
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Fig.2Il,
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~
Efevator moment obout hingex - 39.1 ir. lbs. fig. 212

Direction Cuinof Bololbbod Pounds
ofaciion., weorler. #1pounds. persq. it

Xl plorie.  Down. —S42. ~34./ 137
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Flevator moment about hinge =/50.0 in. #bs.
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MO0 RPM. 60 MEH.
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~ Q
Fig. 213. Llevofor moment abou? hinge = [58.5 i, s, S fig. 214 Llevaror mament about hinge =127.5 i 1b3.
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£ig. 215, Elevotor moment about hinge =-205.0 . /Bs. fig.2/6. Levator momert about hinge = (4.8 in.fbs.
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Heavator Ya 258. /0.8 486
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CASE T, 200 RPM. 70 MPH, . CAS[ P 1200 RRM. 80 MAHA.
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Fig.2t9 Llevator moment about hinge = 41.75 i.fbs. + Fig. 220. Llevotor moment about hinge = £3./ in. s,
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Fig 221, . Elevolor moment obout hinge= 5Q.7 in Ibs. - Frg.222, Elevator rmoment about Minge = -394 jn. fs.
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g Toi plone. Oowrnr -664. -22.50, .800 S Toilplarre  Oowrn —1288. -45.60 1550
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Fig.223 Lavator moment about hinge = ~#2.8 in lbs. Fig.224. Elevolor moment obout tunge v 9.84 in bs.



HORIZONTAL TAIL: SURFACE OF AW

S9Q RAM.

80 MARH.

Lbs par Y of chord. -k

Fig.227.

e 9,

Lig per 1t of cho

Fig. 228.

&ilplorre. ODowrr. —2920. -/05.70 3520
Fevator. Yp. &8, 2./8 r44
Total. Oowrr. -02.5/ 1964

Levator momernt obout twige = (963 i /s,

&0G RAM 45 MFAHA,

barection Cunof Tfallood Fourds
ofacton. waler #1pounds. persg.ft.
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Hevotor moment abouf kinge =179 #2. b

600 REM 60 MEH

vrection Cum.of Tofalload Pourrds
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Fevotar mament about hinge= [4.75 in. ibs.
20167—23—20°
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ATRPLANE. 305
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- Fig. 228.
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800 REM 70 MPH

-¢

g

%

'

g

g
F1g.230.

birection Cem.of Tofofbad Pownds

ofaclion. warfer i1pounds persqgft
Bilplane. Oover. —874. -F16 LO53
Elevalor: . #£20 52 . 685
oral. Bowrr. /6.4 314
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CASE V.. 600 RAM 80 MPH

SLIT
I'd

2 .
< Direction Cainof Tofalood Pounds
E ofactior. waler: ipounds. persg.ft
S il plorte. Oowrr  ~/E/4.  ~58.44 1948
E Hevafor: Yo. /50. SA44 244
3 olof. Dowrr, -53.00 rLats
Fig 231, - Llevator moment obout Ainge = ~19.75 i bbs.
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Direction Cu.sof Iofollpad Founds
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201

24
Frg.232. tlevator moment about hunge = 5./ &1, 1b3.
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Lbs per [} .of chorel.

HORIZONTAL TAJL, SURFACE OF AN ATRPLANE.

CASE 1900 RAM 45 MPH
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Fig. 233.
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LAs per 1Y, of chord
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CASE X 4090 REM. 45 MRHA.

Fig.243,

CASE I, . /00 RPM. 50 MPH. ’ ’ —_—

Fig. 244 . Torgue = Ioftal moment = 668*% about €

CASE I, OO REM. 60 MEH

N

F1g.245 Torgue = Total moment = 460%% cbout &

CASE I, MO0 RRM TOMEH . i

Fig.248. Torgue = Notal momer?=406** cbout

[Vféw: of fail from rear.J
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CASE Z. QB MO0 RPM. 80 MEH, .
olg . é Ry
99 ey
ol of* “‘o‘) %
YO em e
|

Fig.247.

Torgue = Tatal moment= 5494 2 about & v

CASE I

1200 R.EM. 60 M.EH.

Frg. 248 Torgue = Total mament = 2427 gbourt £

CASE . 00 RAM. EOMAAH.

) 1Y
43 | |
F7g. 243, 7orque = fotal momente 366.5** aobout ¢
CASE T 800 RAM. 60 MPH
|
- N E S—
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NS RN N4
3 § ST =5
&% Gl ' I
Pyl £ o y
S N |
~
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Fiig. 250.

Torgue » Total moment= 284./ "% about §

r;z'ews of fail from reail
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CASE T, /940G R.AM. A5 MEHA.

Fig. E51. Torque = Fofal momert = 432.2%% about §
CASE T . HOORAM  SOMRH

|
¢
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e | o ———— — s,
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l\‘ 761‘0/. _'g /’—— / ]
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: e e’ \/ z |x -
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E N h E —._._

N DALY =

frg. 252. Torque = Joral morment = 6/9.% about £ . —_
CASE 1. MO0 RPM. 60 MR

Frg.253. Torgue = Tofal moment= (2/6** about £

CASE . 400 RRM. 70 MAHA

7474 —r

140.68%*

I . \Y
Fig.254. Torgue = Jofal moment=533.5 " about £

l?'ew.s of faif from reor l T
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CASE . . MO0RRM. 80 MEH. .
W | s
K] 3 -~
RN T 3 ™

Fig.&55. . S Torgue = Toraf momenin I02.*# cbout ¢ ’ ~
CASE . o .. S 1200 R.RM. SOMRH.

Frg.£56 ’ . Torgue = Total moment=87%" abouf ¢

CASE . 00 RAPM, 50MPH

£
.
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o ’ [ . g
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«l{ I : QR
Fig.257. ’ Torque = Jotol moménf =27 ¥ about ¢
CASE 1. T T 600 RPM. T 50 MPH o
. |
i
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t o TTe—- --- ﬂe.)'PfEn !
S | 5t
) ]
. ) g S . JUCTE - - 3‘,
Fig. 258. - Torque = ool momenst =-/52." * about ¢ .
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HORIZONTAL TAIL SURFACE OF AN AIRPLANE. ¢+ 3138

CASE F. .in OO RRM. . 45 MEH. . [®
S i iR
X ¢ S
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N — =
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*

£Fig. &59.
CASE I,
5
S
3 | _
I ) PRI
m Bt ™y
—— _/
£ig.260. Borgue = ofal momernt = 545.% about £
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Fig.261. Torgue = Rtof moment = 566X * about ¢
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Fig.c62 . Torque = Tofal mament =—845 " * abouf ¢
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